This paper studies the effects of various forms of government decentralization on institutional quality across countries. Using corruption and the shadow economy to proxy for institutional quality, as well as three forms of government decentralization (i.e., virtual, physical, and fiscal), the econometric results show virtual decentralization to be the most effective in improving institutional quality. The effects on transition and countries in Asia are also considered.
INTRODUCTION
The decentralization of government functions can improve institutional quality and government performance (Besley and Coate 2003 , Brueckner 2003 , Prud'homme 1995 , Rodriguez-Pose and Gill 2003 , and World Bank 1999 . Over time, the manners in which governments provide services to their populations have changed due to administrative capacities and technology; the physical and fiscal traditional forms of government decentralization (Lynch 1989 ) have evolved to include virtual. Physical decentralization involves creating subnational branches or tiers of government, fiscal decentralization deals with greater subnational control over tax collection and government spending (Yeung 2009) , and virtual decentralization uses the internet to provide information and access to various government services (e.g., health advice, tax filings, passport applications, and business registration) to populations.
This study examines the effects of government decentralization on institutional quality in a large sample of countries. Corruption and the shadow economy are used to proxy for institutional quality, and virtual, physical, and fiscal decentralization represent the various forms of government decentralization. Corruption and the underground economy are two widely recognized illegal activities that impact the effectiveness of government policies. 1 A greater prevalence of corruption and/or the underground sector undermines government control over policies and their enforcement, signifying a diminished state of institutional quality.
THEORETICAL BACKGROUND AND RELEVANT LITERATURE
Among the three dimensions of government decentralization considered, fiscal decentralization seems to have garnered the most interest in the literature. 2 This may be due to the greater ease and practicality of assigning government spending to the local level and to quantifying such endeavors. Physical decentralization, also common, is difficult to alter in the short term, as changes in levels of government often entail lengthy legislative and administrative processes (Goel and Nelson 2011) . Virtual decentralization is new; given the recent advent of the internet and digital divide across countries, policy makers are just beginning to implement government services in cyberspace. For researchers, quantifiable measures of such actions are only beginning to become available; thus, this study focuses on virtual decentralization.
Government decentralization influences the quality and delivery of government functions, which can impact illegal activities, including corruption and the underground economy. 3 The effects of various forms of decentralization on corruption and the shadow economy differ, however. For instance, physical decentralization can provide better communication between government bureaucrats and the public than virtual decentralization. Regarding corruption, greater proximity between bureaucrats and the public may promote greater transparency-or make forming corrupt relationships easier. Fiscal decentralization may make rent seeking easier at the local level, yet also 1 Note that institutions may be measured along numerous dimensions and that quantifying them is often difficult. See Knack and Keefer (1995) and Voigt (2013) . 2 See Adams, Delis, and Kammas (2014); Ebel and Yilmaz (2003) ; Fisman and Gatti (2002) ; Kyriacou and Roca-Sagalés (2011); de Mello and Barenstein (2001) ; Oto-Peralias, Romero-Ávila, Usabiaga (2013); Treisman (2006); and Yeung (2009) . 3 The demerits of decentralization have been recognized by Prud'homme (1995). be coupled with the threat of greater transparency and exposure (Arikan 2004) . With respect to the underground economy, the transparency associated with physical decentralization can enable better monitoring of shadow activities (Bram 2013) . However, physical decentralization may also make government officials more aware of potential shadow activities in which they can engage; this incentive could also be mitigated by virtual decentralization. Fiscal decentralization may affect the shadow economy by making it easier to outsource some government functions to the informal sector.
Overall, it is unclear whether all types of government decentralization yield similar dividends in terms of reducing illegal activities and improving institutional quality. The effects of decentralization on corruption have been widely studied, 4 but the literature on the linkage between decentralization and the shadow economy is somewhat more modest. 5 Corruption and the shadow economy are widely prevalent across the world 6 and have been used as indicators of institutional quality (Knack and Keefer 1995) . However, the effects of virtual decentralization on corruption and the shadow economy are largely unclear.
7
Unlike corruption, the involvement of government officials in shadow activities is indirect. Private parties engage in shadow operations (either directly or via outsourcing) to skirt regulations or to avoid taxes. There are several potential channels of influence of decentralization on the underground sector. For instance, greater decentralization, especially via e-government, lowers costs of obtaining information, encouraging compliance with laws. Further, government presence on line may act as a deterrent to certain shadow operations online (Bram 2013 ). E-government may also allow for "yardstick" competition as suggested by Besely and Case (1995) , allowing voters to easily access information on taxes and spending in neighboring countries or within federal systems. This enhanced transparency may reduce the underground economy by raising tax morale (Torgler and Schneider 2009 ).
Figure 1: Government Decentralization and Institutional Quality
4 See, for example, Bardhan and Mookherjee (2006) , Fisman and Gatti (2002) , and Goel and Nelson (2011) . 5 See, for example, Buehn, Lessmann, and Markwardt (2013) , Goel and Saunoris (Forthcoming), and Teobaldelli (2011) . 6 See Schneider and Enste (2000) , Tanzi (1982) , and Transparency International.
http://www.transparency.org. 7 See Andersen (2009), Elgin (2013) and Kim (2014) for some exceptions.
All of these theoretical considerations form the foundation of this analysis that is primarily focused on assessing the relative impacts of different decentralization modes on institutional quality. The main hypothesis of this study is that greater decentralization of government structure, powers, and services improves institutional quality by lowering corruption and underground activities, although the type of decentralization may matter.
DATA AND EMPIRICAL ESTIMATION

Data
The annual data used in this study are a cross section of over 120 countries. Variable definitions and sources are in Table A1 . The main sources of these data are well known and widely used in the literature. The main variables of interest include measures of the shadow economy, corruption, and forms of government decentralization. It is important to note that both corruption and the shadow economy are illegal activities; thus, information on their prevalence is not readily forthcoming.
To instill confidence in the findings, two measures of each are used. First, with regard to the underground sector, Alm and Embaye (2013) used the currency demand approach to estimate its size (Shadow1), the main idea being that cash transactions are harder to trace, so shadow operations involve a greater demand for cash. The average size of the shadow economy with the Shadow1 measure in the sample is 31% of gross domestic product (GDP) with considerable variation across countries. For instance, the Democratic Republic of the Congo has the largest shadow economy at 59%, whereas Switzerland has the smallest shadow economy at just over 11%.
A somewhat broader measure, used by Schneider, Buehn, and Montenegro (2010) , is also employed, known as Shadow2. 8 They employed a specific type of structural equation model, the multiple indicators, multiple causes (MIMIC) model, to estimate the latent shadow economy variable (Shadow2). They used covariance information from observable variables classified as either "causes" or "indicators" of the shadow economy. Thus, while Shadow1 focuses on only one indicator of the shadow economy (i.e., currency), Shadow2 is a more comprehensive measure. The correlation between these two measures, Shadow1 and Shadow2, of the shadow economy is 0.79 (Table A2) .
Corruption is the other measure of institutional quality (Knack and Keefer 1995) . Again, two measures are employed. Corruption1 is an index of cross-national corruption from 0 to 6 from the International Country Risk Guide. 9 In the re-scaled index, countries with a rating of 6 display high levels of corruption, whereas index numbers closer to 0 are freer of corruption. The average level of corruption in the sample is 3, with the Democratic Republic of the Congo being the most corrupt and Finland the least.
As a robustness check, another measure of cross-national corruption perceptions from Transparency International is also used, Corruption2. The Corruption Perceptions Index is a composite index that ranks countries based on the perceived level of corruption in the public sector, which is based on surveys and assessments collected from various institutions. The index is widely used, both in the media and academic research (Lambsdorff 2006) , although its time series comparability is limited. Table A2 shows that the correlation between the two measures of corruption, Corruption1 and Corruption2, is also high (0.90) and statistically significant.
To account for the level of government decentralization within a country, three measures capture the various kinds of decentralization. The first measure, DECENT-PHYSICAL, measures the extent of physical decentralization by detailing the number of tiers, or subsets, of government, including the central government (e.g., states and counties in the United States; states, districts, and tehsils in India; and prefectures in Japan). Greater physical decentralization brings the government closer to the public, improving transparency and responsiveness to local needs while increasing the potential for illegal acts between the public and government officials.
Second, DECENT-FISCAL captures spending discretion at the local level (e.g., for health care, education, roads, and sanitation). This aspect of decentralization provides greater fiscal autonomy at the lower levels of government.
Finally, DECENT-VITRUAL is used to capture virtual decentralization. The measure employed is broader than the number of internet users that some studies have used (Elgin 2013 ). According to UNDESA (2004) , the measure used in this study for virtual decentralization, e-government, is "[t]he use of information and communication technology and its application by the government for the provision of information and public services to the people." E-government serves to increase accountability through transparency, enhance the efficient use of public resources, and improve the delivery of public services. Furthermore, e-government facilitates interactions between governments, between the government and businesses, and between the government and consumers. Table A2 shows that the correlations between physical decentralization and the shadow economy (Shadow1) and corruption (Corruption1) are positive (0.09 and 0.23, respectively). The correlations between fiscal decentralization and the shadow economy and corruption are negative (-0.45 and -0.33, respectively) , whereas the correlations between virtual decentralization and the shadow economy and corruption are negative (-0.80 and -0.83, respectively).
The other cross-country variables are from other international sources (Table A1 ). All models are estimated using cross-sectional data. The lack of good time series comparability of the available corruption indices is the main reason for this choice.
Empirical Estimation
To formalize the baseline models, extant literature on the shadow economy, corruption, and government decentralization is used.
10 Corruption and the shadow economy share some common determinants. As mentioned previously, the literature provides relatively greater guidance with regard to the effects of fiscal and physical decentralization. The estimated equations for the shadow economy and corruption, respectively, take the following general forms. 11 10 For the shadow economy, see Gërxhani (2004) and Schneider and Enste (2000) . For corruption, see Aidt (2003) , Lambsdorff (2006) , Shleifer and Vishny (1993 ), and Treisman (2000 , 2007 . For the effects of government decentralization, see Arikan (2004), and Panizza (1999) . 11 While corruption and the shadow economy are considered separately, there could be scenarios where the two activities are interdependent. See Buehn and Schneider (2012) , Dell'Anno and Teobaldelli (2015) , and Dreher and Schneider (2010) .
Determinants of the Shadow Economy
Assuming that underground activities are driven by stringent regulations and high taxes and given the government structure, the cross-national determinants of the shadow economy are estimated using equation (1) The focus in the empirical analysis is on the sign, magnitude, and statistical significance of the coefficients on the decentralization variable, with decentralization alternately measured by DECENT-VITRUAL (virtual), DECENT-FISCAL (fiscal), and DECENT-PHYSICAL (physical).
The dependent variable is alternately a specific and a broad measure of the shadow economy (Shadow1 and Shadow2, respectively).
Turning to a discussion of the control variables for the shadow economy, to account for the level of development in the country, the log of real GDP per capita (GDP) is used, while a dummy variable is used to capture countries in transition (Transition) and those in Asia (Asian). Greater economic prosperity increases the opportunity costs of engaging in illegal activities (i.e., corruption and the shadow economy), and more prosperous countries may have better enforcement.
Democracy is an index used to control for the degree of democracy. More democratic nations have greater freedom of press and more transparent legal systems that curb illegal activities, including corruption and the shadow economy (Lambsdorff 2006) . Alternately, the rule of law (LAW) can be used to gauge whether a consistent set of punishments form a deterrent to illegal acts. 12 Other important determinants of the shadow economy include higher tax rates (Corchón 1992 ) and burdensome regulations. To account for these, an index of top income tax rates and top marginal income and payroll tax rates (TAX), as well as one for burdensome regulations relating to minimum wages (WageREG), are included. Additionally, price controls (PriceControls) are included. Other things being the same, higher taxes and higher regulations prompt movements to the underground sector.
Determinants of Corruption
Based on the above discussion, the determinants of corruption are estimated via the following relation, with both the structure and size of the government now included in equation (2):
12 See Voigt (2012) for an interesting related discussion.
For denoting cross-national corruption as the dependent variable, Corruption1 and Corruption2 are employed. For determinants of corruption, GDP and Democracy serve as deterrents of corrupt behavior. Democracy allows voters a voice in the political sphere and to determine the competence of public officials. Transition countries, to the extent that they have underdeveloped institutions, are likely to experience greater corruption. To account for this, a dummy variable for transition countries (and for countries in Asia to see any regional differences in this regard) is included. The size of government (GovtSize) proxies for corruption opportunities (via bureaucratic red tape increasing rent-seeking opportunities). Alternately, a larger government may be associated with better monitoring (Guriev 2004 , Rose-Ackerman 1999 . Finally, the fraction of population that is Protestant (Protestant) has been shown to reduce corruption because of its strong moral compass (Lambsdorff 2006 , Treisman 2000 . This variable may be seen as accounting for social influences on corruption.
To estimate the relationship between decentralization and institutional quality given potential simultaneity issues, two-stage least squares (2SLS) regression is used (Figure 1 ). In response to growing concern over public corruption and the spread of the shadow economy, the government may increase its involvement in e-government to enhance transparency and instill confidence among the populace. The potential simultaneity prompts the use of instrumental variables to correct for this inherent endogeneity. To instrument DECENT-VITRUAL, numbers of internet users and telephone lines, and population density are used. The more users connected via telephone lines and the internet, the higher the perceived benefits of the government being online.
Further, DECENT-FISCAL is instrumented using Age (i.e., age of a country's democracy), Federal (i.e., federalist government structure), Independent (i.e., number of years since a nation's independence) and Latitude. 13 The relevancy and validity of these instruments are tested using three diagnostic tests reported at the bottom of each results table. Tables A3 and A4 report results of the effects of various forms of government decentralization on institutional quality. Given the potential simultaneity between these dependent variables and DECENT-VITRUAL in each case, 2SLS results are reported with DECENT-VITRUAL instrumented by Internet, Telephone, and PopDen. A similar accounting of simultaneity is also done in regard to DECENT-FISCAL in Table A3 . 15 The R 2 s are decent, and the other statistics confirm the validity of the instrument choice. 13 In contrast, Fisman and Gatti (2002) examined the effect of fiscal decentralization on corruption using a country's legal system to instrument fiscal decentralization. 14 To determine the relevancy of the instruments, the Kleibergen and Paap (2006) rk LM statistic is used.
RESULTS
Rejection of the null in this case indicates that the instruments are relevant. The first-stage F-statistics are also reported to check for correlations between the endogenous variable and instruments. However, if the instruments are only weakly correlated with the endogenous variables, this can lead to a bias. Consequently, the Kleibergen and Paap rk Wald statistic is used to test if the endogenous variable is only weakly correlated with the instruments. This statistic is compared to the critical values in Stock and Yogo (2005) . Finally, the validity of the instruments is tested using the Hansen J statistic. 15 As argued above, physical decentralization in the form of government tiers is generally fixed; thus, this variable is not endogenized. See Goel and Saunoris (2015) for an alternate treatment. Buehn, Lessmann, and Markwardt (2013) . In terms of relative magnitudes, a 10% increase in DECENT-VITRUAL would decrease the shadow economy by about 9%, while a similar increase in DECENT-PHYSICAL would have about one-third of that impact based on respective elasticities evaluated at corresponding means.
Effects of Decentralization on the Shadow Economy
In other factors, greater democracy and minimum wage regulations increase the underground sector. Democracies may have slower court systems due to formal legal processes, which may encourage shadow operators. Minimum wage regulations may prompt some businesses to pay their employees in cash and "off the books." Transition countries, ceteris paribus, have a larger shadow economy. This is consistent with underdeveloped institutions in transition nations. The effects of economic conditions (GDP), tax rates (TAX), and price controls (PriceControls) are statistically insignificant.
Effects of Decentralization on Corruption
Turning to the effects of decentralization on corruption, with corruption measured by Corruption1, the effect of DECENT-VITRUAL on corruption in Table A3 is negative and statistically significant. This effect of DECENT-VITRUAL is consistent with other findings in the literature with other corruption measures and/or sample of nations (i.e., Andersen 2009 , Choi 2014 , Kim 2014 . Remarkably, the elasticity of corruption with respect to DECENT-VITRUAL is similar in magnitude to the elasticity of the shadow economy with respect to e-government (-0.9 in both cases). 16 The effect of government tiers or DECENT-PHYSICAL is also negative yet statistically insignificant. Thus, while government tiers proved effective in combating the shadow economy in Table A3 , they fail to combat corruption.
Like models 2.1-2.2 with the shadow economy, transition countries also have greater corruption in model 2.3. A larger government size decreases corrupt activity. This finding is consistent with a larger government being able to devote more resources to monitoring. Further, nations with a larger proportion of Protestants have lower corruption, ceteris paribus (Lambsdorff 2006) . The effects of GDP and democracy on corruption are insignificant. This finding is somewhat sensitive to the choice of the sample of nations considered and the time period covered (Lambsdorff 2006 ).
Additional Considerations
To verify the validity of the main results, a series of robustness checks are conducted. First, alternative measures of both the shadow economy and corruption are considered. This is useful, especially given the difficulties with effectively measuring these illegal activities. Second, an alternative measure of decentralization (DECENT-FISCAL) is considered, associated with the devolution of the spending authority to subnational governments. This form of decentralization has been widely studied, especially regarding its effects on corruption. Third, institutional quality is accounted for related to the rule of law (LAW). A consistent rule of law increases the costs for illegal acts and thus is a deterrent. Finally, unique regional aspects of countries in Asia are considered.
Robustness Check 1: Alternate Measures of the Shadow Economy and Corruption
Model 3.1 of Table A4 uses an alternate measure of the shadow economy based on the multiple indicators, multiple causes model (i.e., Shadow2) as the dependent variable. As discussed above, the Shadow2 measure is somewhat broader than the Shadow1 measure. The overall format of the estimated equation is the same as equation (1).
With Shadow2 as the dependent variable, DECENT-VITRUAL again has a negative and statistically significant coefficient. However, the effect of DECENT-PHYSICAL is now statistically insignificant. Thus, while the effects of virtual decentralization on the shadow economy are robust to alternate measures of the shadow economy, those of physical decentralization are not. In other results, the effects of economic conditions and regulations are insignificant in this case. However, similar to The effect of GDP is positive and marginally significant. This is consistent with bribe affordability arguments, rather than with greater economic prosperity increasing the opportunity costs of corruption. The effects of government size, democracy, and fractionalization are statistically insignificant.
Robustness Check 2: Effects of Fiscal Decentralization
The multidimensionality of decentralization prompts the use of alternate measures of decentralization. Others have also considered fiscal decentralization in its effects on the size of the shadow economy (e.g., Buehn, Lessmann, Markwardt 2013) and corruption (e.g., Arikan 2004) . To this end, a measure of fiscal decentralization in models 2.2 and 2.3 from Table A3 are included, and these results are in models 3.3 and 3.4 in Table A4 . Because of the possible reverse feedback from both shadow and corrupt dealings, fiscal decentralization is instrumented by using Age, Federal, Independent, and Latitude as external instruments (Treisman 2006) . These instruments can be considered exogenous and broadly influence the structure of government over the long term.
The coefficient on DECENT-VIRTUAL is negative, although insignificant, in effecting the size of the shadow economy, and negative and significant for reducing corruption. The differences are partly related to the significant drop in observations and degrees of freedom between the two sets of results. Similar to the main findings the coefficient on DECENT-PHYSICAL is negative and significant in model 3.3 and insignificant in model 3.4.
To the effects of fiscal decentralization, the coefficient on DECENT-FISCAL, although negative, is insignificant in model 3.3, and positive and insignificant in model 3.4. Therefore, fiscal decentralization does not prove to statistically impact the size of the shadow economy nor the level of corruption. These findings are consistent with Buehn, Lessmann, and Markwardt (2013) , where they found that government tiers have a negative effect on the size of the shadow economy, and failed to find a statistical influence of fiscal decentralization on the shadow economy. On the other hand, the results regarding the ineffectiveness of fiscal decentralization in controlling corruption differ from those obtained by Fisman and Gatti (2002) , who considered only fiscal government decentralization.
In models 3.3 and 3.4, alternate measures of institutions are considered by replacing Democracy with a measure capturing the level of rule of law (LAW) within a country. The coefficient on this variable is negative and significant in both cases, thus greater rule of law helps contain the spread of the shadow economy and reduces corruption. In other effects, the coefficients on the control variables are somewhat consistent with those in Table A2 , with some notable differences. In particular, the coefficient on WageREG is now insignificant in model 3.3, and the coefficients on Transition and GovtSize are both insignificant.
Robustness Check 3: Consideration of Countries in Asia
Models 3.5 and 3.6 in Table A4 replace Transition with a dummy variable equal to one if the country is in Asia (Asian). This provides a dimension of regional effects. Further, Asia includes many of the most populated, and several of the most densely populated, nations in the world. Plus, many countries in Asia were colonized in previous centuries. All of these factors either shaped institutions over time or altered propensities to engage in illegal acts (e.g., changing discount rates with greater population and/or greater population density).
Overall, the results remain consistent with those reported in Table A2 . DECENT-VIRTUAL negatively impacts both the size of the shadow economy and corruption, whereas DECENT-PHYSICAL negatively impacts the size of the shadow economy and fails to influence the level of corruption. The coefficient on Asian is insignificant in model 3.5, with the shadow economy as the dependent variable, but positive and significant in model 3.6, with corruption as the dependent variable. Thus, on average, countries in Asia tend to have more public corruption, but not necessarily a larger underground sector.
CONCLUSION
Overall, virtual decentralization is relatively more effective in controlling both corruption and the shadow economy, relative to other forms of decentralization. In the literature, the effectiveness of (physical) decentralization, in some cases, can be seen as supporting related findings (e.g., Dell'Anno and Teobaldelli 2015; Buehn, Lessmann, Markwardt 2013); however, the results with regard to virtual decentralization are new. Further, the effectiveness of e-government in reducing corruption supports earlier findings with a different specification and sample and without consideration of the shadow sectors (e.g., Andersen 2009; Choi 2014) .
In other findings, rule of law is effective in checking both corruption and the shadow economy, nations with predominantly Protestant populations are less corrupt, and transition nations show greater corruption and more shadow economies. Countries in Asia are more corrupt but do not necessarily have larger shadow sectors.
Thus, it can be concluded that policy makers looking to improve governance and to control corruption and the shadow economy should consider the potential benefits of virtual decentralization. The internet-based provision of government services may be cheaper, amenable to faster alterations (e.g., increasing the scope of services offered), have a greater geographic reach, and be relatively less bound by legislative red tape. As the digital divide narrows over time, these benefits are likely to expand.
These are superior advantages over physical decentralization, although not all government services are as equally amenable to virtual decentralization. A larger government, via physical decentralization, could curb corruption through strengthened checks and balances. Moreover, the effectiveness of the rule of law in controlling both corruption and the underground sector is a signal for nations to strengthen this aspect. The externalities to the underground sector from strengthened wage regulations should also be recognized by policy makers. Finally, transition nations warrant some special attention to control corruption and the shadow economy.
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DECENT-VITRUAL
E-government development index. This is a composite measure of the provision of and investment in online services, telecommunications connectively, and human capacity. The index is based on a scale 0 to 1, with 1 indicating the highest degree of e-government. Data averaged from 2003 to 2014. [190; 0.42; 0.20] UNDESA (2014)
DECENT-PHYSICAL
Number of tiers of government, including central. "Each government in a country has a jurisdiction, an area of space or a subset of the country's population over which that government has constitutional authority. A tier of government is the subset of governments in a country such that all members of this subset have jurisdictions that are contained by the same number of (other governments') jurisdictions. For instance, all governments whose jurisdictions are contained only by the jurisdiction of the national government are denoted "first-tier" subnational governments. All those whose jurisdictions are contained by that of the national government and that of one "first-tier" government are "second-tier" governments. 
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